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A systematic classification of different nanocarriers 
applicable to food bioactive ingredients and nutraceuticals
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A. Lipid-based nanocarriers
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A. Lipid-based nanocarriers

• Single nano-emulsions: Oil in Water (O/W); Water in Oil (W/O)

• Double nano-emulsions: W/O/W; O/W/O

• Pickering nano-emulsions

• Structural nano-emulsions: Single interface layer; Double interface layer

1. Nano-emulsions

• Nano-liposomes: Monolayer; Multi-layer

• Nano-phytosomes: Monolayer; Multi-layer

• Structural nano-liposomes/phytosomes: With coatings

2. Nano-structured phospholipid carriers

• Solid Lipid Nanoparticles (SLNs)

• Nano-structured Lipid Carriers (NLCs)

• Smart Lipid nanocarriers

3. Nano-lipid carriers
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Double emulsions vs single emulsions 10



Pickering emulsions and colloidosomes

SEM images of a typical 

colloidosome showing (a) the 

assembly of colloidal particles 

on the interface of an emulsion 

droplet and (b) & (c) the pores 

(open space between particles) 

that control permeability
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Nano-liposomes vs nano-phytosomes 12



SLNs, NLCs and the latest generation smartLipids® 13



B. Nature-inspired nanocarriers

Caseins: Alpha, Beta, Gamma-caseins

Cyclodextrins: Alpha, Beta, Gamma-cyclodextrins

Amylose: Single helix; Double helix
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Casein nanocarriers 15



Cyclodextrins:α- (n = 6), β- (n = 7), and γ (n = 8) 16



Amylose nanocarriers 17

Layers of helixes

30 micron

120-500 nm

20-50 nm



C. Special equipment-based nanocarriers
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C. Special equipment-based nanocarriers

Electrospinning: Single injection nozzle; Coaxial double injection

Electrospraying: Single injection nozzle; Coaxial double injection

Nano-spray dryer

Micro/nanofluidics
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Nano-fibers produced by electro-spinning 20



Nano-carriers prepared with electro-spraying 21



Nano Spray Dryer 22



Micro/nano-fluidics

Coaxial flow of the two fluids

Flow-focusing (counter-flow) geometry

T-Junction geometry Lab on a chip
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D. Biopolymer-based nanocarriers
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D. Biopolymer-based nanocarriers

• Protein nanoparticles made by desolvation: WPC, WPI, beta-lactoglobulin, BSA, Lactoferrin, SPI, Gliadin, Silk fibroins

• Polysaccharide nanoparticles made by precipitation: Chitosan, Starch, Cellulose, Gums

1. Single biopolymer nanoparticles

• "Protein + Protein" nanostructures

• "Polysaccharide + Polysaccharide" nanostructures

• "Protein + Polysaccharide" nanostructures

2. Complexd biopolymer nanoparticles

• Nano-hydrogels

• Nano-organogels/oleogels

• Mixed nano-gels

3. Nano-gels

•Protein nanotubes made with alpha-lactalbumin

•Protein nanofibrils made with beta-lactoglobulin

4. Nanotubes/nanofibrils
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Single biopolymer nanoparticles 26



Complexed 
biopolymer 
nanocarriers

Segregative phase separation 

results in:

Two immiscible liquid phases

Associative phase separation results in: 

Insoluble complexes Soluble complexes
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Nanogels 28



Nanotubes

α-lactalbumin nanotubes

BSA + Alginate nanotubes

Protein-phospholipid nanotubes
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E. Miscellaneous nanocarriers

1. Chemical polymer 
nanoparticles

• Poly-d,l-lactide (PLA)

• PEG

• PLGA

• Poly-γ-glutamic acid (PGA)

• Poly-capro-lactone acid (PCA)

• Dendrimers

2. Nano-structured 
surfactants

• Niosomes

• Cubosomes

• Microemulsions

3. Inorganic 
nanocarriers

• Magnetic nanoparticles

• Silica nanoparticles

• Carbon nanotubes

• Quantum dots

• Gold nanoparticles

4. Nano-crystals
• Bioactives within nano-crystals made with cellulose, starch, ...

• Bioactive crystals within other nanocarriers
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Nano-structured surfactants: Niosomes vs cubosomes 31



Nano-structured surfactants: Microemulsions



Nano-structured chemical polymers: Dendrimers 33



Suggested references 34



35



Thanks for your attention



Dr. Seid Mahdi Jafari

Department of Food Materials and Process Design 

Engineering

Faculty of Food Science and Technology

University of Agricultural Sciences and Natural 

Resources, Gorgan, IRAN

017-32426432 www.gau.ac.ir Smjafari@gau.ac.ir


